Theranostic systems that incorporate the ability to simultaneously detect and treat a disease offer exceptional opportunities for improved disease therapy. To minimise side-effects and enhance therapeutic efficiency, the introduction of a targeting group that can actively localise theranostic materials within pathologic tissues has been a popular strategy. [1] [2] [3] [4] [5] The targeting groups developed include antibodies, peptides, aptamers and small molecules. 6, 7 With an increasing awareness that intercellular carbohydratereceptor interactions (CRIs) are crucial for the initiation of a number of human diseases, [8] [9] [10] a variety of glycoligands have been employed as the targeting agent for disease imaging and therapy. [11] [12] [13] [14] [15] [16] [17] [18] [19] In general, carbohydrates require a multivalent presentation on a backbone material to enhance the binding avidity for receptors because of the low affinity of monovalent CRIs. To overcome this problem, a number of elegant glycoclusters, glycodendrimers and other glycopolymeric materials have been developed for high-affinity binding with carbohydrate receptors. 20 However, the production of these multivalent glycoconjugates often requires multiple synthetic and purification steps, thereby increasing the complexity for further functionalisation with theranostic partners. Here we report on the simple construction of core-glycoshell theranostic dots by the supramolecular self-assembly between fluorescent glycoprobes (as both an imaging and a targeting agent) and poly(3-hexylthiophene-2,5-diyl) (P3HT) nanodots (as both a vector and a therapeutic material for photodynamic therapy) (Fig. 1a) . Although P3HT is among the most popular polymers in the construction of photovoltaic devices, 21 its potential for biomedical applications has to date hardly been explored.
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To the best of our knowledge, with this research we have developed the first P3HT based core-glycoshell theranostic nanomaterial for cancer cells. We found that P3HT nanodots could self-assemble with the hydrophobic-dye moiety of the glycoprobes under aqueous conditions, producing multivalent glyco-dots (Fig. 1b) . These simple glyco-dots have been shown to be amenable for targeted imaging of cancer cells that overly express carbohydrate receptors. Subsequent exposure of the cells to light significantly supresses the cell viability due to the release of reactive oxygen species (ROS) from the nanodots (Fig. 1c) . Galactose (Gal) and mannose (Man), which can be selectively recognised by the asialoglycoprotein receptor (ASGPr; highly expressed on hepatic cells) 23 and mannose receptor (MR; highly expressed on a breast cancer cell line), 24 respectively, were coupled with a red-emitting dicyanomethylene-4H-pyran (DCM) dye using the click reaction, to produce Gal-DCM and Man-DCM probes. 25 In order to obtain stable and water-dispersible P3HT nanodots, P3HT was mixed with poly(styrene-co-maleic anhydride) (PSMA) (20% w/w), which were then folded to form the dots through a reprecipitation method. 26 The core-shell glyco-dots were subsequently produced by the self-assembly of Gal-DCM and Man-DCM with the P3HT nanodots in Tris-HCl (0.01 M, pH 7.4), producing Gal-dot and Man-dot, respectively. The driving force by which the glyco-dots are formed is probably the result of p-stacking between the DCM moiety of the glycoprobes and the exposed hydrophobic surfaces of the polymeric backbone of the nanodots. [27] [28] [29] A variety of techniques were used to characterise the glycodots. Transmission electron microscopy (TEM) images indicate that the assembly of the glycoprobes with P3HT produced mono-dispersed nanoparticles without altering the morphology of the P3HT nanodots (Fig. 2a) . The P3HT core appears to be a solid as observed from the TEM images shown in Fig. 2a . Since the P3HT core is produced by co-folding the P3HT polymer with 20% of PSMA (to enhance water solubility), hydrophobic cavities might exist, allowing the nanodots to accommodate hydrophobic molecules (such as dyes and drugs). [27] [28] [29] Using UV-vis spectroscopy, we determined that the absorbance peak of both Gal-dot (Fig. 2b) and Man-dot (Fig. 2c) blue-shifted by ca. 20 nm with respect to the P3HT dots alone, suggesting a change of the conjugated structure for the DCM upon binding to the polymer backbone. 30 The particle size of Gal-dot (Fig. 2d) and Man-dot ( Fig. 2e ) was found via dynamic light scattering to be slightly larger than that of the P3HT dot alone, suggesting the formation of a glycoprobe-shell on a P3HT core. Meanwhile, the z potential of the glyco-dots ( Fig. 2f and g for Gal-dot and Man-dot, respectively) decreased significantly with respect to that of the P3HT dot. These data suggest the successful supramolecular assembly between the glycoprobes and the P3HT dots. We then evaluated the targeted cellular imaging ability of the glyco-dots for Hep-G2 (human liver cancer cell line that overly expresses ASGPr) and MDA-MB-231 (human triple-negative breast cancer cell line that overly expresses MR). A human cervical cancer cell line (HeLa) with minimal expression of both receptors was used as the control. High-content fluorescence microscopy was used for cell imaging and the fluorescence intensity was quantified using a Columbus analysis system. We determined that the incubation of Gal-dot with the cells only led to fluorescence in Hep-G2 and not in HeLa or MDA-MB-231 cells in a concentrationdependent manner (Fig. 3a) . The fluorescence intensity produced in Hep-G2 was much higher than that in the other cells (Fig. 3b) . Likewise, the treatment of the cells with Man-dot led to selective fluorescence in MDA-MB-231 cells (Fig. 3d) with a much lower fluorescence in HeLa and Hep-G2 cells (Fig. 3e) . These results are in good agreement with the ASGPr and MR mRNA level of the cells (Fig. 3c and f for ASGPr and MR, respectively), as determined via a real-time quantitative polymerase chain reaction.
In addition, we determined that P3HT dots alone were not fluorescent by excitation at 480 nm (Fig. S1a, ESI †) , and the fluorescence of Gal-dot and Man-dot was significantly lower than that of Gal-DCM (Fig. S1b, ESI †) and Man-DCM (Fig. S1c,  ESI †) , respectively. The decreased fluorescence is suggestive of the quenching effect of conjugated polymers with closely attached fluorescent dyes, 28, 29 demonstrating the efficient assembly of the glycoprobes with the P3HT nanodots. A titration assay was then carried out in order to examine the multivalent effect of the glyco-dots. The cells were treated with glycoprobes alone (monovalent) and then with the glyco-dots (multivalent), and the resulting images were compared qualitatively and quantitatively. We determined that the fluorescence intensity of Gal-DCM and Man-DCM increased gradually with increasing P3HT nanodots (Fig. S2a and b, ESI †) . The fluorescence enhancement reached equilibrium with a P3HT concentration of 24 ppm. This suggests that the multivalent nature of the glycoprobes on the P3HT nanodots can increase the avidity for the cell-surface receptors. This is in accordance with our previous observations using two-dimensional materials as a substrate to produce multivalency. 16, 25, 31 To corroborate that the selective imaging was a result of CRIs, a competition assay was carried out. We found that the pre-incubation of free D-galactose and D-mannose with Hep-G2 and MDA-MB-231 ( Fig. S2c and d , ESI †) led to a concentration-dependent fluorescence suppression of Gal-dot and Man-dot, respectively. This suggests that the selective imaging effect of the glyco-dots was predominantly caused by carbohydrate-receptor recognition.
Having evaluated the nanodot targeted imaging ability, we further tested the photodynamic therapeutic effect of the glyco-dots by the treatment of the cells with light. Using Ce6 (a commercial photosensitizer) as a reference compound, we first determined that the treatment of the P3HT nanodot as well as the glyco-dot solution with light irradiation produced ROS in a time-dependent manner, as measured using a known fluorogenic ROS probe (Fig. S3a, ESI †) . The ROS production of the materials was also corroborated by DPA (a widely used singlet oxygen trapper) (Fig. S3b, ESI †) . We then employed a doublestaining assay to measure the cell death upon the treatment of the cells in the absence and presence of glyco-dots with light. Hoechst 33342 and Sytox Green were used to stain the total and dead cells, respectively. 32 We observed that Gal-dot with light irradiation caused increased cell death of Hep-G2 ( Fig. 4a and  b) . In contrast, the presence of Gal-dot without light irradiation or irradiation of Hep-G2 without Gal-dot did not lead to cell death. Likewise, although the treatment of MDA-MB-231 with just light or Man-dot caused minimal cell death, the presence of both led to an increase in dead MDA-MB-231 cells ( Fig. 4a  and b) . We also determined that the light irradiation of HeLa cells pre-treated with both glyco-dots resulted in minimal cell death. A subsequent cell viability assay indicated that, upon light irradiation, the viabilities of Hep-G2 and MDA-MB-231 were supressed in the presence of Gal-dot and Man-dot, respectively, whereas those of HeLa cells were hardly affected (Fig. 4c) .
The cell viabilities of Hep-G2, MDA-MB-231, HeLa as well as a healthy cell line 293T (human embryonic kidney) were tested with increasing P3HT nanodots and the glyco-dots in the presence or absence of light irradiation. The results (Fig. S4 , ESI †) suggest that (1) the P3HT nanodot alone has low cytotoxicity for all the cells tested irrespective of light irradiation, demonstrating the importance of the glyco-shell to selectively target a transmembrane receptor, and enhance the targeted photodynamic effect, (2) Gal-dot and Man-dot resulted in selective cell death of Hep-G2 and MDA-MB-231 in a concentration-dependent manner, and (3) the nanomaterials are not toxic to a healthy cell line (293T) irrespective of light irradiation. These data clearly demonstrate the targeted theranostic potential of the glyco-dots. Also, we have performed standard cell viability assays demonstrating that the nanomaterials hardly affect the proliferation of both cancer and healthy cells used in this study (Fig. S5, ESI †) .
We have developed a simple strategy based on the supramolecular self-assembly between glycoprobes and P3HT that can form nano-sized, mono-dispersed polymer nanodots in a fully aqueous solution. The self-assembled core-shell glycodots showed high avidity for transmembrane carbohydrate receptors probably due to a supramolecular multivalent presentation of the glycoprobes on the polymer backbone. These multivalent ''glycoshell'' systems can be used to target a specific cancer cell, resulting in fluorescence for cell imaging, and the polymer core kills the targeted cells via light-controlled release of a toxic level of ROS. This research paves the way towards the construction of materials capable of targeted disease theranostics using the versatile supramolecular functionalization of known polymeric materials.
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